Purpose -The purpose of this paper is to discuss the current state of implementation of Lean production in healthcare. The study focuses on Lean definition in healthcare, implementation process, barriers, challenges, enablers and outcomes of implementing lean production methods in healthcare.
Introduction
Healthcare organisations are under strong pressure to improve. Society is aging, the demand for healthcare services is increasing, but financial conditions for healthcare systems are not improving or even worsening. In this millennium, healthcare systems are challenged to be as affordable, accessible, safe, thorough, efficient and cost effective as possible. There is a need to look for new and more efficient ways of providing care. Many healthcare organisations adopt the Toyota Production System as the performance improvement approach, often called the Lean Healthcare management system. The Lean approach seeks improvements within the framework of an organisation's existing processes. Lean production does not focus on substantial reorganisation requiring large-scale investments, but it gives healthcare organisations an alternative methodology for achieving improvements without high investments 1 .
There are many views of what constitutes Lean thinking. It is undeniable that Lean has its roots in
the Toyota Production System (TPS) 2, 3 . The first descriptions of TPS appeared in the late 1970s 4 , but the book The Machine That Changed the World by Womack and Jones 5 first popularised the approach under the name "Lean production". Nowadays Lean production is applied in various types of organisations all over the world. There has been considerable development of the concept over time and there is no consistent definition of the approach 6, 7 . Different authors have different opinions on which characteristics should be associated with the approach 6 .
Womack and Jones were among the first authors to propose how Lean techniques could be applied to services and specifically to healthcare 8 . They argued that the first step in implementing Lean thinking in healthcare is to put the patient in the foreground and include time and comfort as key performance measures of the system. The Lean principles as multi-skilled teams taking care of the patient and an active involvement of the patient in the care process were emphasised. Since then, many applications of Lean in healthcare have been published in academic journals e.g. 9, 10-17
. Young et al. (2004) argue that an obvious application of Lean thinking in healthcare lies in eliminating waiting times, repeat visits, errors and inappropriate procedures. Spear 16 emphasize empowerment of employees by providing them with the necessary tools to improve processes in their area of work. This means that all healthcare staff become focused not only on taking care of the patient, but also on finding better ways to take care of patients. Lean enhances process steps that are valuable and essential for patient care, while eliminating those that fail to add value. As a result staff members feel empowered to improve care processes and are more satisfied with their jobs 16 .
Based on the literature review this paper aims to present the current state of Lean implementation in healthcare. The study focuses on Lean definition in healthcare, implementation process, barriers, challenges, enablers and outcomes of implementing lean production methods in healthcare.
Methodology
The starting point for the analysis was an extensive search in several databases, e.g. Emerald,
PubMed, ScienceDirect, Wiley Interscience. Effort was made to review journals from several areas such as quality management, healthcare management and operations management as well as medical journals. The search criteria included keywords like "lean healthcare", "lean hospital", "Toyota Production System", "lean management" and "healthcare" and the like. A systematic review of the references cited in the articles found was also made. This broad search strategy was necessary since the papers on Lean Healthcare have been published in a wide range of journals in many subject areas. An initial search for the keywords mentioned above resulted in more than 200
hits. However, a careful analysis of the content limited the number of identified papers to around 60. The primary problem was that the mentioned keywords were used in a wider context and didn't contain enough in-depth information for the analysis. The second review of papers, based on specific areas of interest such as Lean Healthcare characteristics, Lean implementation, barriers, challenges, enablers and outcomes, limited the number of papers included in this literature review to around 30 relevant works. The reviewed papers can be categorised into two sets: theoretical and case studies as suggested by de Souza
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. The first set refers to papers that discuss the application of Lean in healthcare based on general examples and the knowledge and experience of the authors in healthcare settings. The second set of papers is based on case studies or other empirical evidence collected in research projects. Both types of papers were included in the analysis. The criteria for including the reference in the table were that the Lean characteristic was either used by case organisation or it was discussed in the context of healthcare. To be included it was not enough that the Lean principle, method or tool was mentioned in the paper text, for example in the literature review.
The results of the analysis were the foundation for the discussion of different aspects of applying Lean in healthcare presented in the next sections.
What is Lean Healthcare?
There is little evidence of the complete Lean philosophy being applied in the healthcare system 19, 20 . When reviewing literature on Lean Healthcare, one underlying theme becomes apparent: Lean is often perceived as a set of tools and techniques for improving processes (see Table 1 , row 1). The words "process", "value stream" and "continuous flow" appear in almost all papers that discuss the application of Lean in healthcare. Lean Healthcare is about simplifying processes by understanding what adds value and eliminating waste 9, 11, [21] [22] [23] [24] [25] . It is often emphasised that current healthcare systems consist of fragmented process which require a shift in how the flow of patient care delivery is perceived and organised 26 .
<Insert TABLE 1 about here>
The care processes in large healthcare organisations simply evolve over time and are seldom a result of conscious planning and action 9, 26 . The healthcare processes are organised with a focus on the doctors, nurses and other clinical staff and are often not optimised for patients 1, 25 . The care is organised in departmental silos and often the only person who sees the whole of the patient journey is the patient himself or herself 1, 9 . In such systems, a patient can typically spend hours in hospitals for only some ten minutes of value-added time. Applying Lean thinking, specifically value stream and continuous flow, has the potential to help break down the silo mentality, enabling changes to occur across functional boundaries 1 . Much of the work which is performed within the healthcare setting does not directly add value from the patient's point of view 9 . It is rarely clearly specified how processes should ideally work in healthcare operations. The consequence is inconsistency in care, unreliable access to resources and processes, and constant interruptions, which in turn implies inefficiencies, long waiting times, increased potential for errors, and worker frustration 11 .
As stated before, Lean Healthcare is mostly about how to manage and improve processes, but what does it actually mean in practice?
First, the healthcare units recognised the patient as the primary customer and as a critical factor to be taken into consideration when designing processes and delivering care 9, 21, 22, [25] [26] [27] [28] [29] . Many papers discussed the value from the patient's point of view (for references see Table 1 , row 9). In order to improve processes it is necessary to have a clear view of the customer and what is value added as opposed to non-value added from the customer point of view.
The second step is learning to see the processes as they are performed with all problems and Table 1 VSM is the most popular Lean tool applied in healthcare. With Value Stream
Mapping staff can quickly come to understanding that all work is a process and all processes can be improved 9 . The focus also lies on improving the whole process, and not just optimising individual parts 26 .
Third, process improvement in healthcare implies specifying how work is expected to be conducted and removing waste in the form of waiting time, rework due to poor procedures, workarounds, interruptions, etc. 24 . In this respect the most commonly mentioned Lean principles and methods are standardised work, waste reduction and continuous flow. As can be seen in Table 1 , continuous flow is the second most frequently discussed principle in articles on Lean Healthcare. Creating continuous flow is the goal of process improvement. The idea is that the patient should flow between healthcare units and staff groups without interruptions. Ideally patients should move from one step in their care to the next without delay. In order to achieve continuous flow, staff need to gain an understanding about processes, identify waste and bottlenecks and find out root causes of problems. This added perspective is valuable since studies show that when healthcare staff experiences an interruption, problem, or other distraction in routine, they work around the problem without bringing attention to it. They are focused on getting the job done but whatever caused their problem remains uninvestigated e.g. 31 .
Continuous flow also implies increasing cooperation and breaking down barriers between multiple operating units 25 . Optimizing the performance of an individual area is insufficient and it is necessary to integrate the single processes owned by different healthcare units in one value flow to enhance the comprehensiveness and continuity of patient care 1, 26, 32 .
All three steps require an interdisciplinary team approach, which is an explanation for the frequent occurrence of the Lean principle "teamwork" in the reviewed articles.
Lean Healthcare and five Lean principles
Womack and Jones 8 defined a five-step process for guiding the implementation of Lean techniques: . This coverage is however difficult to see with step four "Establish pull" and step five "Seek perfection". Only seven papers discussed the application of the pull system in healthcare. The discussions were short and undeveloped and the examples rather poor. In fact only two case-based examples of the application of the pull principle in healthcare setting were found 33, 34 .
The fifth principle ("Seek perfection") is about striving for perfection through continuous
improvement. An organisation should constantly evaluate itself, learn from its mistakes and continuously improve the value stream 8 . Although at first sight it looks like "continuous improvement" (see Table 1 . "Seeking perfection" is more about developing a continuous improvement culture, where employees are continuously focused on the goal of eliminating waste and encouraged to develop ideas to improve their work, and where improvement activities become a part of the everyday work 8, 25 . Spear 16 argues that
Lean Healthcare is about turning employees into problem-solvers by teaching them to stop going around problems, and instead fix them right away.
The fact that the steps "Establish pull" and "Seek perfection" are not well represented in the Lean . The application of Lean tools is also important however since the tools embody the Lean principles and support the development of the Lean culture 11 .
How is Lean implemented in healthcare?
The literature was reviewed in search of implementation patterns for Lean Healthcare. The following key steps were identified the responsibility to train a group of their peers. This approach assumes that those trained in Lean will train others and that learning will gradually disseminate across the organisation 11, 22 . Several authors stressed the importance of training their own Lean facilitators recruited from the healthcare organisations instead of employing external consultants 23, 39, 44 . People's knowledge, creativity and commitment seem to be important for building a sustainable Lean organisation. Lean implementation shouldn't rely on consultants who tell how it should be done; instead employees should be trained in all Lean aspects to initiate and drive the improvement work.
The second step included testing ideas and initiating some pilot projects using Lean tools and methods. The pilot projects were sometimes part of the education program or were initiated in direct connection to training days. The idea was to let people try the ideas in organisations and create some quick results. The pilot projects usually included Value Stream Mapping. The healthcare staff was organised in cross-functional teams and performed analysis of patient flow, assessed the time required to perform process steps and identified value-added vs. non-value-added activities 22, 25, 26, 36, 41 . The overall objectives included reducing lead time and waste elimination in processes. The primary focus of pilot projects was to engage frontline staff in identifying problems and to involve them in the improvement work. The outcome of this step was an action plan for change.
The third step is about driving the change processes with the full involvement of the employees.
There are only a very limited number of cases, however, describing the practises 24, 25, 35 . .
Barriers and challenges of Lean implementation
The first barrier that needs to be overcome in Lean implementation is to convince staff that Lean can work in a healthcare setting 26, 27 9, 39, 43 . When talking about Lean in healthcare the usual reaction is that patients are not cars and healthcare organisations have completely different organisational settings than the automotive industry. However, when the training is provided, the staff gradually understands that there is a great amount of waste in the processes and applying Lean principles could provide great benefits 30 .
The training itself is a challenge, however. There are few people in healthcare who have a wellfounded knowledge of and experience in Lean production principles, methods and tools. There is a lack of qualified people inside healthcare to teach about Lean 25, 29 . Educators need to be hired from the manufacturing sector, but they often talk manufacturing language and lack relevant examples from the healthcare sector 45 . This makes more difficult for healthcare staff to accept the ideas and requires longer assimilation periods 24, 36 .
Another problem is lack of clear focus on the customer. One of the basic Lean principles is to .
Several authors reported difficulties related to cooperation with other departments 36, 41, 48 .
Healthcare is a complex system with many interdependent units. One of the challenges is to improve the entire system, not just optimize the performance of individual departments. Improving value streams may require involvement of several healthcare units, which are not always ready to recognise, understand and acknowledge changes or simply lack the necessary prerequisites to perform the change. The risk is also that an improvement activity may fix some problems at one unit, but cause other problems at another unit. It is therefore important to take the holistic approach and consider the impact of the actions on other units, and not just shift the problems to other areas 23 .
Change enablers
The enablers for Lean Healthcare discussed in the literature seem not to be different from enablers of any other change initiative. Three key factors that contribute to the success of Lean implementation in healthcare are recurring in several papers.
First: commitment and participation of healthcare staff in the improvement processes. Employees are considered experts at performing their work and their full involvement enables their professional knowledge, skill and experience to be used for the organisation's improvement 11, 39 .
Empowered staffs are more eager to realise their ideas as opposed to a reluctant staff feeling forced to carry out top-down process improvements 25, 44 . It is therefore crucial that healthcare staff own and drive the improvement work 1, 21, 28, 47 .
Second: to focus on developing people before developing organisation. It is essential to provide training and give responsibility to employees, so they will be able to take initiative to make improvements on their own 23, 24, 39, 49 . Developing is not only about teaching Lean tools and methods, but about learning a new approach to thinking where employees feel they can make use of their skills and creativity, can take initiatives, and cause things to happen 28, 44, 45, 49 .
Third: support from managers at all levels. For top-level managers it is vital to show a genuine interest in the Lean implementation work, pay attention to the results that are being delivered and provide necessary resources 1, 9, 39, 41 . Nelson-Peterson and Leppa 35 mention daily presence of top management on the unit as necessary condition for success of Lean implementation. Managers at lower levels who lead healthcare units implementing Lean need to take ownership of the change and actively support their employees in the improvement process 1, 11, 41, 42 . Dickson et al. 25 tell of management taking a subordinate role in the improvement process, where empowered staff identified problems and implemented their own solutions.
What are the outcomes from Lean Healthcare?
There is a lack of rigorous research on the outcomes from Lean Healthcare. Several studies report results from the Lean initiatives, but methodologically these studies are not comparative and include mostly self-reporting results
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The outcomes from the Lean initiatives can be divided into two broad areas: one set relates to the performance of the healthcare system, while the second relates to the development of employees and work environment. These areas are consistent with the categories discussed by Porras and Robertson 51 in their organisational development model.
The outcomes reported on the performance of healthcare system are measurable and often stated in numbers or given as improvement rates. A summary of improvements on performance measures discussed in the healthcare literature is presented in Table 2 .
<Insert TABLE 2 about here> The results in the Table 2 mostly relate to the improvement of patient outcomes. Better outcomes for patients usually imply more accessible care with shortened treatment time and reduced waiting.
As can be also seen in the Table 1 lead time reduction was a frequently discussed goal with Lean implementation and was found in 20 reviewed papers.
The second set of outcomes has a mostly qualitative character and concerns the influence of Lean implementation on employees and work environment. One of the most frequently mentioned outcomes in this set is increased attention of employees to waste and more proactive attitude to problem solving. Staff stops assuming that waste is part of their work and doesn't accept workarounds and fire fighting anymore, but instead takes initiative to resolve problems 11, 38, 44 .
Lean Healthcare offers employees more responsibility, greater involvement, and a sense of ownership in their work 35, 39 .
Another outcome is a much calmer and more organised work environment 23, 25, 27, 40 . Lean focuses on eliminating non-value adding activities and removing wasted time from processes. The work becomes more orderly and predictable and thereby less stressful. As a result healthcare staff is more focused on their assignments, and consequently far more receptive to patient demands 23 .
Conclusions
This study showed that Lean is mostly used in healthcare as a process improvement approach. that Lean is more than just tools and that to achieve long-term sustainable results it is necessary to change the organisational culture 23, 37 . The question of "How to ensure that Lean becomes more than another set of tools but becomes a sustainable way of working" is crucial, but couldn't be answered by reviewing the current literature on Lean healthcare.
There is no single correct way of implementing Lean in healthcare. The evidence indicates that the approach has been adapted rather than simply adopted. However, in respect to the differences between healthcare and the manufacturing sector Lean cannot simply be copied into healthcare settings. Lean implementation in healthcare requires adaptation and development of the approach to fit the specific context and allow healthcare staff to own the approach. The usual implementation steps include conducting Lean training, initiating pilot projects and implementing improvements using interdisciplinary teams.
There are some challenges which face the implementation of Lean in the healthcare including:
• Healthcare staff do not like care services being compared to car assembly lines. They believe that their organisational settings and problems are unique and cannot be simply The literature review shows that there have been some significant tangible and intangible outcomes in organisations that have adopted Lean principles. The outcomes can be divided into two broad areas: one set relates to the performance of the healthcare system, while the second relates to the development of employees and work environment. The first set includes results such as increased patient throughput and reduced waiting times. The second set is related to the change of employees'
role from a passive to an active role in improving and developing healthcare processes and organisation. The second set also includes improvements in work environment such as more predictable and calmer working days.
It is crucial that the knowledge about how Lean can be applied in healthcare settings is shared and that organisations learn from others' mistakes and successes. Lean Healthcare is a widely debated subject; however, the available articles in the area present only a limited view of the potential advantages and disadvantages of Lean in healthcare. In fact, no articles were found criticising the application of Lean in healthcare. Many articles found in the area have a speculative character and are not based on empirical evidence. More rigorous and holistic research is required to evaluate the real impact and to understand more about underlying factors influencing the success and sustainability of Lean in healthcare.
